Summary An accession of A. roylei Stearn, a diploid species with 2nϭ16, growing in Northwest Himalayas, was studied for reduction division in male track. Multivalent associations involving 3 to 16 chromosomes were observed in cells at diplotene and metaphase-I. Although anaphasic segregations were mostly normal, the pollen stainability was very low. Propagation by bulbs ensures the survival and maintenance of such a complex heterozygosity in this species.
Interchanges involving varying number of chromosomes are quite frequent and have been studied in detail in a large number of plants. Although these associations have been reported in many species of Allium (Levan 1935 , 1936 -37, 1939 , Katayama 1936 , Takenaka 1960 , Khoshoo and Sharma 1959 , Koul 1963 , 1966 , Konvicka and Levan 1972 , Gohil and Koul 1978 , Gohil 1979 , Lozano et al. 1986 , amongst the diploid species of this genus, only a few chromosomes of the complement are usually involved. As a result of this, associations involving up to 8 chromosomes have been reported during meiosis in these species. In polyploid species, on the other hand, interchanges superimposed on the polyploid nature result in very complex associations sometimes involving upto half of the entire chromosome complement (Gohil 1979) .
While documenting germplasm collections of species of Allium from the Indian gene center, 2 populations of A. roylei Stearn, collected from Jammu region, were studied in detail. Although, both these accessions are diploid (2nϭ2xϭ16), their meiosis is characterized by a very high frequency of associations that sometimes appear to involve the entire chromosome complement. The present paper puts on record the details of meiosis in plants collected from Bani.
Materials and methods
Plants of A. roylei were collected from Bani and Mendhar (1800-1900 m) in Jammu and transplanted in Jammu University Botanic Garden. Ten plants of the accession from Bani were studied in detail, individually.
For meiotic studies, young inflorescences were fixed in a mixture of chloroform, absolute alcohol and acetic acid in the ratio of 4 : 3 : 1. Anthers were squashed in 1% acetocarmine. All observations were made from temporary mounts.
Observations
Plants of both the collections of A. roylei have an ovoid bulb covered with reddish brown membranous outer coats and 3-5 fistular leaves. While plants under in situ conditions bear reddish flowers, the color changes to dirty white on cultivation at lower altitudes with higher temperature.
The behaviour of chromosomes in the pollen mother cells of 10 individuals of A. roylei was analysed at diplotene, metaphase I and anaphase I of meiosis. All the plants of this population had 2nϭ16 chromosomes. Despite being a diploid with 2nϭ2xϭ16, its meiotic details were quite interesting. Instead of 16 chromosomes forming 8 bivalents, associations involving various number of chromosomes were observed in the pollen mother cells. Table 1 summarizes the extent and frequencies of various associations at diplotene and metaphase I. As is clear from Table 1 , the number of chromosomes involved in these associations 116 Geeta Sharma and R. N. Gohil Cytologia 68 (2) Figs. 1-8. Meiotic chromosomes of a translocation heterozygote strain of Allium roylei Stearn. 1-4) Pollen mother cells at diplotene with 1XVI, 1XIVϩ1II, 1Xϩ1VI and 1VIϩ1IVϩ3II's respectively. 5, 6) Pollen mother cells at diakinesis with 1VIϩ1IVϩ3II's and 2IVϩ4II's respectively. 7) A pollen mother cell at metaphase I with 1VIϩ1IVϩ3II. 8) A pollen mother cell at anaphase I with 8 : 8 segregation of chromosomes. (Scale 10 µm).
ranged from 3-16. Interestingly, plant to plant variations were also observed in the frequencies of various associations, which will be communicated separately. In most of the cells at diplotene, associations are of even number of chromosomes. At the same time, the frequency of associations involving the entire chromosome complement (16) is quite high at this stage. Most of these complex associations seem to get resolved at metaphase I (Table 1) and at this stage, the frequencies of chromosomes forming bivalents are quite high. Despite this, even at this stage, in some cells clear associations of 16 chromosomes were observed. The anaphase I segregation was quite normal in 94% cells (Fig. 8) , with other cells having unequal segregations. Most of cells at telophase I were normal with only a few having either 1 to 2 bridges and/micronuclei varying in number and size.
Discussion
A. roylei is an important species of the genus Allium. Because of its compatibility with A. cepa, it has been used as a donor of genes imparting resistance against leaf blight and downy mildew to latter (de Vries et al. 1992) . It has also been used as a bridge species to transfer genes from A. fistulosum into A. cepa (Khrustaleva and Kik 1998) .
Attempts to enrich the gene pool of A. roylei resulted in the isolation of some cytologically very interesting accessions. The species being a diploid, with 2nϭ2xϭ16, was expected to undergo normal meiosis, forming 8 bivalents as appears to have been the case in the accession maintained by de Vries et al. (1992) . Observations made on the reduction division by us, however, belied the expectations. Instead of 16 chromosomes pairing to form 8 bivalents, associations involving varying number of chromosomes were observed in the pollen mother cells, both at diplotene and metaphase I (Figs. 1-7 , Table 1 ). The number of chromosomes involved in these associations ranged from 3-16, the entire chromosome complement. Although the occurrence of multivalents in a diploid can be explained on the basis of interchanges, their complexity and frequency, encountered in this species, is both interesting and intriguing. It is quite apparent that chromosomes in these stocks have undergone a number of interchanges. This process seems to have culminated where entire genome has got involved. As a result of this, associations involving all the 16 chromosomes are quite frequent with 72.2% chromosomes involved in XVI associations in cells at diplotene. Although, as expected, the percentage of chromosomes forming associations of XVI in cells at metaphase I is lower than that at diplotene, still 8.4% continue as XVI. This is possible only if the chiasmata formed in the interchanged segments are retained up to metaphase I. Indirectly, this observation points towards the large size of the segments exchanged. Despite all the pairing anomalies observed during the early stages of meiosis, the chromosome segregation at anaphase I is not much disturbed. Although normal anaphasic segregations are possible in the structural heterozygotes and presence of 8 chromosomes at each pole in most of the cells (94%) at anaphase I in A. roylei meets the quantitative requirement, qualitatively they do not seem to fulfill the basic needs of pollen stainability and fertility. These must be deficient for some and duplicate for other essential genes required for these essential purposes. Consequently, the pollen stainability is adversely affected, resulting in absolute sterility. Whether or not a translocation heterozygote produces viable gametes depends upon the orientation of its multivalents at metaphase I. Burnham (1956) has opined that there are 50% chances of each alternate and adjacent orientation at metaphase I leading to 50% fertility. Although theoretically it is possible, practically it cannot be accepted as a rule. In Siderites angustifolia and S. lagascana, both with 2nϭ24, 81.1% and 71% pollen stainability, despite the presence of interchanges involving 4-8 chromosomes, has been attributed to the predominantly alternate orientation of multivalents (Fernandez-Peralta and Gonzalez-Aguilera 1985) .
Since, it is an established fact that even a single translocation can tilt the balance in favour of asexuality, presence of highly complex associations have made these plants totally sterile. They have survived because like all other species of Allium they too have efficient means of vegetative propagation.
As pointed out earlier, although interchanges are on record in a number of taxa, the involvement of entire chromosome complement in interchanges is a rare phenomenon. In taxa like Oenothera (Cleland 1972) , multiple interchanges have not only got established because of balanced lethal systems, these are supposed to have helped evolution within this assemblage. A somewhat similar phenomenon has also been observed in Chelidonium majus L. In this species despite all the 12 chromosomes (2nϭ12) forming a closed ring during meiosis, the plants exhibit 60-70% fertility (Pilquin 1981) . The presence of associations involving all the 16 chromosomes in A. roylei can be construed as the first step in similar direction.
